SUMMARY In helically-cut strips of cerebral and mesenteric arteries contracted with prostaglandin (PG) F^, carbocyclic thromboxane A 2 (cTxA 2 ) or K + , the addition of nicardipine caused a dose-related relaxation. Nicardipine-induced relaxation was greater in cerebral than in mesenteric arteries when contracted with PGF 2a and cTxA 2 , but did not appreciably differ in the arteries contracted with K + . Cerebral arteries contracted with hemolysate and PGF 2a relaxed in response to nicardipine to a similar extent. The contractile response to PGF 2a was attenuated by pretreatment with nicardipine, the attenuation being greater in cerebral than in mesenteric arteries. Ca ++ -induced contractions in cerebral and mesenteric arteries previously exposed to Ca + + -free media and depolarized by excess K + were attenuated by nicardipine to a similar extent. PGF 2a -induced contractions of cerebral arteries exposed to Ca + + -free media were attenuated by nicardipine, whereas those of mesenteric arteries were unaffected. Attenuations by nicardipine of the Ca + + -induced contraction in PGF 2a -treated cerebral arteries were greater than those seen in mesenteric arteries. It may be concluded that nicardipine produces a greater relaxation of cerebral arteries than mesenteric arteries, possibly due to a greater inhibition of the Ca + + -influx and to a decrease in the release of Ca + + from intracellular storage sites in cerebral arteries. As far as the concentrations used are concerned, nicardipine appears to attenuate the inward movement of Ca + + across cell membrane in mesenteric arterial smooth muscle, but not the release of intracellular^ stored Ca + + .
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Stroke Vol 14, No 2, 1983 CHEMICAL FACTORS OF THE PATHOGENESIS of cerebral vasospasm following subarachnoid hemorrhage include serotonin, 1-3 catecholamines 4 " 6 and prostaglandins [7] [8] [9] that are released from the subarachnoid hematoma 10 " and cerebral vessel. 7, 812 These substances produce contractions of cerebral and extracerebral vessels by increasing the release of Ca + + from intracellular storage sites and the transmembrane influx of Ca + + . 1314 Ca ++ -antagonists which preferentially interfere with the Ca ++ -influx relax cerebral arterial smooth muscle previously contracted with these vasoconstrictors to a greater extent than extracerebral arteries, 15 ' 16 and the ability of the antagonists to effectively relieve the experimentally-induced cerebral vasospasm has been demonstrated. 17 Nicardipine has recently been reported to interfere with the uptake of 45 Ca ++ by rabbit aortae, 18 to increase the cerebral blood flow in dogs, monkeys and human patients, 19 and to relieve the experimentallyinduced cerebrovascular spasm in cats. 20 At vasodilatory concentrations, this drug produces less bradycardia, A-V conduction block and decreased cardiac contractility. 21 The present study was undertaken to clarify the action and the mechanism of action of nicardipine on isolated dog cerebral and mesenteric arteries stimulated by PGF 2a , cTxA 2 , hemolysate and K + , and to determine the reason why cerebral arterial smooth muscle is more susceptible to this drug.
Materials and Methods
Mongrel dogs of both sexes, weighing 7 to 12 kg, were anesthetized with intraperitoneal injections of sodium thiopental (50 mg/kg), and sacrificed by bleeding from the common carotid arteries. The brain and distal portions of the superior mesenteric artery (0.6 to 0.8 mm outside diameter) were rapidly removed. Basilar and middle cerebral arteries (0.6 to 0.8 mm) were isolated from the brain. The arteries were cut helically into strips, approximately 20 mm long. The specimen was vertically fixed between hooks in a muscle bath (20 ml capacity) containing the nutrient solution, which was maintained at 37 ± 0.5°C and aerated with a mixture of 95% 0 2 and 5% C0 2 . The hook anchoring the upper end of the strips was connected to the lever of a force-displacement transducer (Nihonkoden Kogyo Co., Tokyo, Japan). The resting tension was adjusted to 1.5 g, which is optimal for obtaining maximum contractions. 23 Constituents of the solution were as follows (mM): Na + 139.7, K + 5.4, Ca ++ 2.2, Mg + + 1.0, CI" 131.5, HC0 3 -20, and glucose 5.6. The pH of the solution was 7.3 to 7.4. The osmotic adjustment was not made when K + (up to 30 mM) was added to bathing media. Under thiopental anesthesia, a cannula was inserted into the common carotid artery and blood was collected in the test-tube. Details of the procedure to obtain hemolysate are described in an earlier report. 8 The prepared hemolysate contained hemoglobin (Hb) and soluble constituents of erythrocytes and platelets. Concentrations of the hemolysate were expressed as final concentrations of Hb in the bathing medium; the content of Hb in hemolysate was assayed by the Hbcyanide method. 23 Before the start of experiments, all preparations were allowed to equilibrate for 90 to 120 minutes in the control media, during which time the fluids were replaced every 15 to 20 minutes. Isometric contractions MECHANISM OF RELAXANT ACTION OF NICARDIPINE/y«mamoto et al.
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and relaxations were recorded on an ink-writing oscillograph (Sanei Sokki Co., Tokyo). The contractile response to 30 mM K + was first obtained, and preparations were repeatedly washed and equilibrated. Doseresponse curves for K + , PGF 2a , hemolysate and nicardipine were obtained by adding the drugs directly to bathing media in cumulative concentrations. Preparations had been treated for 20 minutes with antagonists before the dose-response curve for the agonists was obtained.
Studies on the movement of Ca + + from extracellular fluids and from intracellular storage sites were carried out with cerebral and mesenteric arteries soaked in Ca ++ -free media. Two strips of the arteries obtained from the same dogs were used for paired analyses in the absence (control) and presence of nicardipine. In the first series of experiments, the contractile response to 30 mM K + in normal media was first obtained, and the preparations were washed. Then, the arterial strips were exposed for 60 minutes to Ca + + -free media, during which time the fluids were replaced twice every 20 minutes. To one arterial strip, K + (30 mM) was added, and 5 to 10 minutes later, Ca + + (2.2 mM) was added. The other strip was treated for 20 minutes with nicardipine before the addition of K + . Contractions induced by 30 mM K + in normal media were taken as 100%. In the second series of experiments, the contractile response to 3 X 10 _6 MPGF 2a in normal media was first obtained. The strips were exposed for 30 minutes to Ca ++ -free media. PGF 2Q (3 X 10" 6 M) was added to one of the two strips obtained from the same dogs. After the PGF 2a -induced contraction levelled off, Ca + + (2.2 mM) was added. The other strip was treated for 20 minutes with nicardipine before the addition of PGF 2a . Contractions induced by 3 X 10 -6 M PGF 2a in normal media were taken as 100%, and relative values to these contractions are presented.
Results shown in the text and figures are expressed as mean values ± standard error of the mean. Statistical analyses were made using the Student's Mest. Drugs used were nicardipine hydrochloride, dl-verapamil hydrochloride, PGF 2a and cTxA 2 (Yamanouchi Pharmaceutical Co., Tokyo, Japan). • Control (9) t> Nicardipine 3X10" ,0 M (6) O Nicard.
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,0-10 10-9 10-8 addition of Ca ++ in a concentration of 2.2 mM produced a marked, tonic contraction; the mean value of the contraction, relative to that induced by 30 mM K + in normal media, was 106.6 ± 5.8% (N = 9) in cerebral arterial strips and 112.9 ± 8.4% (N = 9) in mesenteric arteries. Additional increase in concentrations of Ca + + to 4.4 and 6.6 mM produced an appreciable relaxation. 24 The contractile response to 2.2 mM Ca + + was moderately inhibited by pretreatment for 20 minutes with 10~9 M nicardipine ( fig. 6 ): the inhibitions in cerebral and mesenteric arteries did not differ. Further increase in the concentration of Ca ++ to 4.4 mM in the presence of nicardipine produced a contraction by 4.3 ± 1.6% in cerebral arteries and by 1.8 ± 0.6% in mesenteric arteries.
On the other hand, in the arterial strips exposed to Ca ++ -free media, PGF 2a (3 x 10" 6 M) produced a tonic contraction (21.8 ± 3.5% in cerebral arteries and 18.0 ± 2.4% in mesenteric arteries relative to contractions induced by 3 x 10~6MPGF 2a in normal media). The addition of 2.2 mM Ca ++ produced a rapidlydeveloped, phasic contraction followed by a relaxation and a tonic contraction in cerebral ( fig. 7, upper left) and mesenteric arteries. Mean values of the phasic contraction were 110.0 ± 8.9% (N = 7) and 21.0 ± 10.0% (N = 4), respectively, and those of tonic contractions were 83.3 ± 2.3% (N = 8) and 102.8 ± 8.1% (N = 8), respectively, relative to those induced by 3 x 10" 6 M PGF 2a in normal media. The tonic contractions relative to those induced by PGF 2a + Ca ++ in cerebral and mesenteric arteries were 79.3% and 85.1%, respectively. The contractile response to PGF 2a of cerebral arteries was inhibited following treatment with 10" 8 M nicardipine. Phasic contractions induced by Ca ++ were abolished, and Ca ++ -induced tonic contractions were attenuated ( fig. 7 , lower left). The quantitative data are summarized in figure 8 . Following treatment with 3 x 10" 9 M nicardipine, the contractile responses of cerebral arteries to PGF 2a (3 x 10" 6 M) and Ca + + (2.2 mM) were attenuated by 51.9 ± 7.4% and 38.7 ± 9.8% (N = 8), respectively. In mesenteric arteries previously exposed to Ca + + -free media, the contractile response to PGF 2o was not inhibited by treatment with 10~6 M nicardipine, but phasic contractions induced by Ca ++ were abolished and tonic contractions were attenuated ( fig.  8) . Contractions induced by PGF 2a plus Ca ++ were attenuated by 3 X 10" 9 M and 10" 8 M nicardipine in cerebral arteries by 43.0 ± 7.8% and 72.4 ± 2.7%, respectively, and by 10" 6 M nicardipine in mesenteric arteries by 57.4 ± 5.3%.
Discussion
Nicardipine caused a dose-dependent relaxation in helical strips of dog cerebral and mesenteric arteries contracted with K + to a greater extent than in the arteries contracted with PGF 2a , cTxA 2 or hemolysate. Pretreatment with nicardipine at the same concentration elicited a greater attenuation of the contractile response to K + than that of the response to PGF 2a and hemolysate. K + -induced contractions are associated
Cerebral art. 18 Greater relaxations of cerebral arteries than those of mesenteric arteries were induced by nicardipine, when the arteries were contracted with PGF 2a or cTxA 2 . On the other hand, relaxations induced by the antagonist in both arteries contracted with K + did not evidently differ. The similar finding was obtained with verapamil, nifedipine and diltiazem. ' 7 Pretreatment with nicardipine inhibited the contractile response of cerebral arteries of PGF 2a to a greater extent than the response of mesenteric arteries. The different responsiveness to nicardipine may be explained as follows: (1) nicardipine is supposed to inhibit the contractility and the Ca ++ availability of contractile proteins, it seems unlikely that this antagonist differently inhibits these functions in cerebral and mesenteric arteries, since the relaxant responses of both arteries contracted with K + were not evidently different. In the present experiments with the arteries previously soaked in Ca + + -free media and stimulated by PGF 2o and Ca + + , ratios of contractions caused by influxes of Ca + + to total contractions (induced by Ca + + + PGF 2 J in cerebral and mesenteric arteries did not appreciably differ (79 vs. 85%); therefore, the first alternative seems unlikely. Nicardipine in a lower concentration (10~8 M) attenuated the Ca ++ -induced contractions of cerebral arteries to a greater extent than the contractions of mesenteric arteries soaked in Ca ++ -free media ( fig. 8) . Further, the antagonist markedly inhibited the PGF 2a -induced contraction of cerebral arteries (73%) in Ca ++ -free media, but did not alter the contraction of mesenteric arteries. These findings support the possibility of the 2nd and 3rd alternatives. It may therefore be concluded that the greater susceptibility of cerebral arteries to nicardipine than mesenteric arteries is due mainly to a greater inhibition of the Ca The present data demonstrated that nicardipine equally attenuated the contractile response to Ca + + in cerebral and mesenteric arteries previously exposed to Ca ++ -free media containing excess K + , while the antagonist caused an appreciably greater attenuation in the response to Ca ++ in PGF 2a -stimulated cerebral arteries than in the mesenteric arteries. Such a result may indicate that mechanisms underlying the increase in Ca ++ -influxes in response to PGF 2a and K + differ.
